Renal schwannomas are extraordinarily rare neoplasms; only six have been reported, the majority of which occurred in the renal pelvis. We report the clinical and pathologic features of four additional cases. The resected kidney in all patients contained a well-demarcated, yellow-tan, smooth, and bulging intraparenchymal tumor (mean size, 9.7 cm; range, 4 to 16 cm). Microscopically, three cases were classified as cellular schwannomas, and one was a usual-type schwannoma, with degenerative nuclear atypia. By immunohistochemistry, all tumors were strongly S-100 protein positive and negative for pan-cytokeratin, CD57, smooth muscle actin, desmin, and CD34. Epithelial elements were not noted in the tumors, and there was no history of any clinical syndromes in these patients. Analysis of the four cases showed the mean age at presentation to be 47 years (range, 18 to 84 years), with no sex predisposition (two men, two women). Most patients were asymptomatic, and all received a diagnosis of renal cell carcinoma and treated as having such. Recognition and awareness of these rare, benign tumors will assist in the differential diagnosis of spindle cell tumors of the kidney and prevent their misdiagnosis as sarcomatoid carcinomas of the kidney or renal sarcomas. Our study, the largest series to date of renal schwannomas, demonstrates a predilection for the cellular variant in the kidney, documents that these tumors may present in the nonhilar region of the kidney, and provides clinical evidence of their benign biologic behavior.
Schwannoma, or neurilemoma, is a benign neoplasm of Schwann cells. The majority of schwannomas arise as solitary masses of either superficial or deep soft tissues, often in association with a nerve.(1, 2) Favored sites include cranial and spinal nerve roots, cervical nerves, and nerves in the flexor compartments of the forearm and lower leg.(1, 2) Although schwannomas arise not uncommonly in the retroperitoneum, usually in association with the lumbosacral nervous plexus, involvement of retroperitoneal parenchymal organs is very uncommon. In particular, schwannomas of renal origin are very rare, with only six reported cases. (3) (4) (5) (6) (7) (8) (9) (10) We report herein the clinicopathologic features of four additional cases of renal schwannoma.
METHODS
All of the available hematoxylin and eosinstained sections were reviewed for each case. For immunohistochemistry, deparaffinized sections were immunostained with antibodies to S-100 protein (polyclonal, prediluted, Ventana, Tucson, AZ), CD34 (QBEND; 1:640; PharMingen, San Diego, CA), smooth muscle actin (1A4; 1:2; Ventana), desmin (D33, prediluted; Ventana), pan-cytokeratin (AE1/ AE3; 1:50; Dako, Carpinteria, CA), and CD57 (Leu7; 1:10; Becton-Dickinson, Mountain View, CA). Negative controls consisted of substitutions of mouse ascites fluid for the primary antibody. Sections were subjected to heat-induced epitope retrieval, using a vegetable steamer. Antigens were localized using an avidin-biotin method with 3,3Ј-diaminobenzidine as a chromogen. All immunohistochemical studies were independently evaluated by two pathologists (IA-C, ALF). There were no disagreements in interpretation of these studies.
Gross Findings
The four tumors presented as wellcircumscribed, intrarenal masses that compressed the adjacent renal parenchyma (Fig. 1) . The tumors measured from 4 to 16 cm (mean, 9.7 cm) and were tan to yellow in color. Cystic change was noted in two cases, and one tumor contained scattered calcifications.
Microscopic Findings
Case 1 showed the typical features of a schwannoma, with excellent circumscription; numerous thick-walled, hyalinized blood vessels; cellular Antoni A areas; and hypocellular Antoni B areas (Figs. 2 and 3). Nuclear palisading and Verocay body formation was prominent. The majority of the tumor cells were bland, uniform spindle cells with wavy nuclei. Scattered tumor cells showed nuclear enlargement with hyperchromasia and smudging of the chromatin. No mitotic activity or necrosis was present.
Cases 2 to 4 displayed the histologic features of cellular schwannomas. These tumors were characterized by excellent circumscription; fascicular growth; thick-walled, hyalinized blood vessels; cystic change with aggregates of foamy macrophages; and a mild lymphocytic infiltrate (Figs. 4 and 5) . The tumors displayed relatively uniform cellularity, without distinct Antoni A and B areas, Verocay bodies, or nuclear palisading. All tumors had a very low mitotic rate (Ͻ1/10 high-power fields), and necrosis was not identified.
Immunohistochemical Findings
The four cases were all strongly and uniformly positive with antibodies to S-100 protein (Fig. 7) . No case expressed cytokeratin, CD34, pancytokeratin, CD57, smooth muscle actin, or desmin.
DISCUSSION
In the adult, the majority of renal neoplasms are of epithelial origin. Mesenchymal renal tumors are far less common, with leiomyosarcoma the most common sarcoma and angiomyolipoma the most common benign mesenchymal neoplasm (11) . Nerve sheath tumors of the kidney seem to be par- ticularly rare, with only six previously reported schwannomas (3-10), one reported neurofibroma (12) , and four reported renal malignant peripheral nerve sheath tumors (13) (14) (15) (16) . The clinicopathologic features of all reported renal schwannomas, including the current cases, are summarized in Table 1 . Of these 10 tumors, 5 arose from the parenchyma and 3 arose from the hilus. In two cases, the clinical and pathologic information was not available (5, 6) . Patients with retroperitoneal and renal schwannomas typically have nonspecific symptoms and signs. Malaise, weight loss, fever, and abdominal or flank pain are common findings (13, 14) . A palpable abdominal mass is frequently present. Hematuria, a feature not previously described in renal schwannomas (3-10), was present in one of our cases. An uneventful follow-up of 18 months was available in one of the six previously reported cases. Follow-up was available on all of the four cases reported herein (mean, 43 months; range, 12 to 60 months); all patients are disease-free.
Histopathologically, three of our four cases were classified as cellular schwannomas. Cellular schwannoma is a rare variant of schwannoma, characterized by almost entirely Antoni A pattern growth and the absence of Verocay bodies. It was first described in 1981 by Woodruff and co-workers (17) , who stressed their benign clinical course and the importance of distinguishing them from malignant peripheral nerve sheath tumors. Subsequent studies have confirmed the benign nature of this tumor (18, 19) . As illustrated by the current cases, cellular schwannomas occur most often in the retroperitoneum and display histopathologic features that may result in their misdiagnosis as sarcoma or sarcomatoid carcinoma. These include fascicular architecture, moderate hypercellularity, mitotic figures, and, on rare occasions, small foci of necrosis. Histopathologic features that allow for the correct diagnosis include the presence of ectatic, hyalinized blood vessels; small areas of less cellular Antoni B-type areas; peripheral aggregates of chronic inflammatory cells; and clusters of foamy macrophages. In difficult cases, the finding of intense S-100 protein expression may be useful in confirming this diagnosis.
In all of our cases, the preoperative diagnosis was renal cell carcinoma. The histologic differential diagnosis for renal schwannoma includes angiomyolipoma and leiomyoma, sarcomatoid renal cell carcinoma, malignant peripheral nerve sheath tumor, mesoblastic nephroma of the adult type, and other rare mesenchymal tumors of the kidney. Angio- myolipomas may show great histologic variability, depending on their relative proportions of fat, smooth muscle, and vessels (11) . Angiomyolipomas with predominance of the spindled component are most likely to be confused with schwannoma. Histopathologically, however, spindle cell-predominant angiomyolipoma and true leiomyomas are characterized by short fascicles that intersect at right angles and brightly eosinophilic cells with longitudinal striations, blunt-ended nuclei, and perinuclear vacuoles. These are in contrast to the longer fascicles, paler staining cytoplasm, and wavy nuclei of schwannoma. Immunohistochemical demonstration of smooth muscle actin, desmin, and melanosomal proteins such as gp100 (HMB-45) and Melan-A may help to confirm the diagnosis of angiomyolipoma (HMB-45 and actin positive) or leiomyoma (actin and desmin positive). As noted previously, cellular variants of schwannomas may be confused with malignant peripheral nerve sheath tumor. Recognition of the circumscription of cellular schwannomas and the presence of thickwalled blood vessels, foamy histiocytes, and intense S-100 protein expression should allow the distinction of schwannoma from malignant peripheral nerve sheath tumor.
The most important distinction is with sarcomatoid renal cell carcinoma. Whereas renal cell carcinoma may have extensive areas with a spindled growth pattern, careful inspection should reveal focal areas of more typical appearing carcinoma (11) . In addition, sarcomatoid renal cell carcinomas are destructive and infiltrative and do not show the well-defined capsule seen in all of our cases of schwannoma. Again, immunohistochemistry may be valuable, as sarcomatoid carcinomas should show at least focal areas of cytokeratin expression and would not be expected to strongly express S-100 protein.
A diagnosis of mesoblastic nephroma (adult type) was considered in Case 2 because of its spindle cell component and the presence of metaplastic bone and cartilage. The immunohistochemical finding of strong S-100 protein positivity, however, argued against that diagnosis, as S-100 is not positive in mesoblastic nephroma (20) . Because schwannoma can have prominent paucicellular myxoid areas, myxomas should also be considered in the differential diagnosis. Renal myxoma is an extremely rare benign neoplasm, the existence of which has been questioned in the literature (21, 22) . Most of the reported cases have been reinterpreted by Melamed et al. (22) as sarcomas with myxoid features, fibroepithelial polyps, and myxolipoma (22) . Recently, three cases of perineurioma of the kidney have been reported (22) (23) (24) (25) . Perineuriomas are usually characterized by a storiform proliferation of delicate cells with elongated processes; they would not be expected to show the long fascicles or ectatic blood vessels seen in schwannoma and are epithelial membrane antigen and type IV collagen positive but S-100 protein negative (26) .
In conclusion, we present here the largest series to date of renal schwannomas and compare our finding with the few reported in the literature. Renal schwannoma, although rare, must be considered in the differential diagnosis of spindle cell lesions of the kidney. Predilection for the cellular variant to occur in this site may result in a misdiagnosis of the relatively more commonly occurring sarcomatoid renal cell carcinoma. Given the benign clinical course, nephron-sparing surgery would be an option if this diagnosis could be established before radical surgery. Monographs pertaining to single diseases are rarely published outside of series because, as I was told by my friends in publishing, such books do not sell well. The fact that this major publisher has undertaken the present project indicates that, nevertheless, some exceptions are expected to occur. For sake of good science and science-based medical practice, I hope that McGraw-Hill will receive from this book more than just plaudits of the reviewers. Kudos for publishing this important book are well deserved. The book deals with neurodegenerative diseases, one of the most pressing and depressing topics of contemporary biomedical sciences. The editors have assembled a stellar team of clinicians, epidemiologists, psychologists, and basic scientists who were asked to illuminate these diseases from their point of view. In comparison with the relatively slow progress toward the treatment of neurodegenerative diseases, the amount of work devoted to studying these diseases is staggering. It also is encouraging that the various specialists seem to be communicating with each other, and the effort (such as this book) is multidisciplinary.
If the reader needs a simplistic answer concerning Alzheimer, Parkinson, or other diseases that cause dementia, he/she would be better served by a digest in the popular tabloids. On the other hand, if an authoritative update and a credible, multifaceted summary is needed, these state-of-the-art reviews are the best that currently can be found on neurodegenerative diseases.
Ivan Damjanov University of Kansas School of Medicine Kansas City, Kansas

